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TSgt Marshall Wright, and SSgt Dennis LaGross, provided the necessary data and 
descriptions used in this report. Special thanks go to Lt Col Donald Varley for 
his helpful suggestions which aided in the writing of the report. The assistance of 
Ms. Barbara Main in preparing the illustrations, of Mrs. Pat Sheehy in typing the 
manuscript, and of James Lally of Digital Programming Services, Inc. (DPSI) in 
providing the computer printouts used in this report is greatly appreciated. 
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Cirrus Particle Distribution Study, 
Part 6 


1. INTRODUCTION 


This is the sixth in a series of reports on studies of cirriform clouds per- 
formed by AFGL for the Air Force Weapons Laboratory's Advanced Radiation 
Technology (ART) program. These reports discuss cloud microphysical data 
acquired by the MC-130 aircraft, tail number 640571, maintained and flown by 
crews of the 4950th Test Wing at Wright-Patterson AFB, Ohio. 

Varley! discussed the AFGL-cloud physics instrumentation on this aircraft in 
a report which described the data obtained on the cirrus flight of 29 October 1977. 
That flight investigated a band of pre-frontal cirrus and cirrostratus clouds. A 
similar weather situation existed on 4 April 1978 during a flight which is described 
herein. Dyer and Barnes” discussed the C-130 instrumentation and summarized 
research in the area of ice crystals and snowflakes. in other reports, Varley and 
Brooks? and Cohen reported on cirrus associated with stationary fronts east of 
the sampling area, and Varley” and Varley and Barnes® described the micro- 
physical properties of non-frontal cirrus u:o-dis sampled on 18 and 21 March 1978, 
respectively. 


(Received for publication 3 September 1980) 


(Due to the large number of references cited above, they will not be listed here. 
See References, page 33.) 


| 

The purpose of the flight of 4 April 1278 was to investigat« the leading edge of | 

a band of cirrus and cirrostratus which was associated with a frontal system to 
the west of a sampling area located in southern Colorado and northwestern New 

Mexico. During the 24 hr after the flight, the frontal system passed through the 
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sampling area and began to intensify over the central United States. 
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A second cirrus flight was conducted on 5 April 1978 in western New Mexico 
: and eastern Arizona. By this time, however, the frontal system had moved well 
: east of Albuquerque and very little cloudiness remained. Since the data obtained 
on 5 April wer: associated with the same system, results of the 5 April flight are 
included in th.s report, thus providing data during both pre-frontal and post-frontal 
conditions. 
The flights of 4 and 5 April originated and terminated at Kirtland AFB, 
Albuquerque, New Mexico. The sampling portion of the 4 April flight was con- 
ducted near Farmington, New Mexico, while that of 5 April flight was made near 
Gallup, New Mexicv. Figure 1 shows these locations. During both flights the 
MC-130E climbed to an altitude of approximately 30,000 ft (9.7 km) MSL to obtain 
data on the cirrus and cirrostratus clouds there. In both cases cirrus clouds 
existed at higher levels, but the aircraft was unable to climb these clouds, which 
were estimated to extend to 35,000 ft (10.7 km). Terrain in the area var 2s from 
4000 to 9000 ft MSL (1.2 to 2.7 km), thus the aircraft was generally 21, 000 ft or 
more above the ground, 
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Figure 1. Sampling Areas of the Flights of 4 and 5 April 1978 
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Each flight provided approximately 75 minutes of data. On both aays, muchof 
this time was spent in clear air during which very few particles were detected. 
Almost all of the 5 April flight occurred in clear air, Sub-visible cirrus particles 
were detected on both flights. 


2. SYNOPTIC SITUATION 


On the morning of 4 April 1978 a frontal system extended parallel to the 
Pacific Coast from a low pressure center off the coast of British Cclumbia. At 
1800Z on 4 April, the low was 100 nautical miles northwest of Vancouver, BC, 
and the frontal system extended through western Nevada and central California, as 
depicted in Figure 2. The low pressure area itself does not appear on Figure 2, 
Although there was a stationary front in the Texas Panhandle, its influence did not 
extend to western New Mexico, Rather, the visible cirrus observed on the flight 
spread from west to east as the front in California moved east. By 0900Z on 
5 April, the front had arrived in the sampling area, as shown in Figure 3. 

During the earl, morning of 5 April, the front continued eastward, and by 
1800Z it had moved into eastern New Mexico, as seen in Figure 4. By 2100Z on 
that day, it had combined with the low pressure center in western Kansas and the 
warm front in eastern Kansas to form an open wave, As can be seen in the GOES 
visible and infrared satellite pictures of Figures 5 and 6, most of the cloud cover 
was in advance of this front, while only some thin, tenuous cirrus remained over 
northwestern New Mexico, appearing on the infrared photo (Figure S). 

The main part of the 500 millibar pattern consisted of a long wave trough off 
the West Coast. As Figures 7, 8, and 9 show, a short wave moved around that 
trough and by 0000Z on 5 April (Figure 8) was over Nevada and western Arizona. 
By 0000Z on 6 April (Figure 9) the short wave had moved to the Texas Panhandle 
where it was aiding the development of the surface low in Kansas. A simiiar 
pattern existed at 300 millibars (the level at which sampling was conducted) as 
shown in Figures 10 and 11. 

Rawinsonde observations for Albuquerque, New Mexico and Winslow, Arizona 
are presented in Figures 12 through 15, Figures 12 and 13 present 1200Z (0500 MST) 
data for 4 April. At that time both Winslow and Albuquerque were in the warm, dry 
ais mass ahead of the front. Both soundings show nocturnal inversions with that 
at Winslow being more pronounced. At Winslow, a second inversion at 3 km was 
probably a subsidence inversion asso-iated with the high pressure ridge which had 

just passed, Figures 14 and 15 are for the same two stations at 1200Z (0500 MST) 
on 5 April, The front appears on the Winslow rawinsonde at a height of approxi- 
mately 5 km. Both a temperature inversion and 2 wind shift were present at that 
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level, indicating a strong upper level frontal surface. At the time of the flights, 
however, the front aloft had little moisture as indicated by the large temperature/ 
dew point spread and, as a result, little cloudiness. At Albuquerque at 1200Z - 


t 


on 5 April, a strong nocturnal inversion had developed near the surface, but at 
1200Z, the front had not yet passed. Additionally, a thin layer of clouds at 6 km 
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is indicated by an abrupt increase in dewpoint at that level. 

Tables 1 and 2 show selected surface observations on 4 and 5 April 1978. On 
4 April thin cirrus w:s reported throughout the New Mexico area, but there were 
thicker cirrus clouds reported in central and southern Arizona. On 5 April there 


were only occasional reports of thin cirrus in New Mexico and Arizona. 
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Table 1. fFepresentative Surface Weather Observations 4 April 1978 


pa Pa 


Cloud Height 
and Extent Temp Dew Pt Wind 
Time (Z) Location (100s ft) (°F) (°F) (Dir/kt) 


te sfat pa AS: 


Durango, CO 200 Bkn (thin) 090/04 
Farmington, NM 200 Ove (thin) 120/10 


Gallup, NM 250 Ove (thin) 160/15 
Albuquerque, NM Clear 270/14 
Farmington, NM 200 Ove (thin) 270/04 
Gallup, NM 250 Ove (thin) 160/15 
Albuquerque, NM 250 Ove (thin) 220/ 14G18 


Table 2. Representative Surface Weather Observations 5 April 1978 


- 


Cloud Height 
and Extent Temp Dew Pt Wind 
(100s ft) (°F) (°F) (Dir/kt) 


Time (Z) Location 


Farmington, NM 50 Sct 47 27 280/15 
Gallup, NM Clear 49 21 250/ 10G 15 
Winslow, AZ 300 Bkn (thin) 51 24 230/05 
Phoenix, AZ 250 Sct (thin) 67 39 030/05 
735 Sct 260/11 
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Figure 2. Surface 
Analysis 18002 of 
4 April 1978 


Figure 3. Surface 
Analysis 0900Z of 
5 April 1978 


Figure 4. Surface 
Analysis 1800Z of 
5 April 1978 
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Figure 5 
Figure 6. 
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Analysis 0000Z 6 April 


Figure 8. 
Analysis 0000Z 5 April 


Figure 7. 
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Figure 12. Winslow Sounding 1200Z Figure 13. Albuquerque Sounding 12002 
4 April 1978 4 April 1978 


ALTITUDE (km) 


TEMPERATURE (°C) TEMPERATURE (°C} 


Figure 14. Winslow Sounding 1200Z Figure 15. Albuquerque Sounding 12002 
5 April 1978 5 April 1978 
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3. THE FLIGHT 


burden 


The aircraft departed Kirtland AFB at 1656Z on 4 April and flew toward 
By 1800Z the aircraft was at 29,000 ft MSL 
Figure 16 shows the tenuous . 


Pi RNAI a 


Farmington in northwest New Mexico. 
(8.8 km) and was beginning to encounter thin cirrus. 
cirrus the aircraft sampled as well as the more dense cirrostratus clouds which 


were to move steadily eastward during the flight. During the next hour, the air- 


craft was going in and out ofthincirrus, butthethicker cirrus and cirrostratus 
remained 1000 to 4000 ft above the aircraft's altitude. Figure 17, a photo taken 
about 30 min after, 10 miles east of, and 20 miles north of the Figure 16 location, 
shows how the clouds had advanced and were becoming denser, 

At 1830Z the clouds observed from the airplane were dens: enough to produce 
By 1835Z the airplane was beginning to sample some of the 
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a halo around the sun. i 
EA thicker cirrostratus clouds. Figure 18, a photo taken within 5 miles of the location i 
Bt of Figure 16, shows the clear!+ tefinable base of the cirrostratus below the air- ; 
es craft. By 1855Z the aircraft was in the thicker cirrostratus. More particles and : 
F a wider variety of shapes, including many columns were observed. At 1900Z the H 


aircraft began its return to Kirtland AFB, and by 1910Z was below the bases of 


the cirriform clouds. It landed at Kirtland at 1934Z. 
On 5 April the aircraft departed Kirtland AFB at 1712Z and proceeded west 


toward Gallup, New Mexico and Winslow, Arizona, both almost due west of i 
i 


As Figure 19 shows, there were fewer cirriform clouds on 5 April. 


Albuquerque. 
The air- 


The front had passed and only a few high, thin clouds were in the area. 
craft climbed to 31, 200 ft (9.5 km), but could not reach the main part of the visible 
cirrus. By 1830Z it was obvious that little data could be obtained in visible clouds 
the airplane began to return to Kirtland AFB. While enroute, it passed through 
the thin cirrus shown in Figure 20. The crew noted that this cirrus appeared to 
It was the only significant visible cloud encountered 


bu rmsd ith atht tk Otte eins las Vath we Bisset wth alo pe 


be fallout from higher layers. 
during the flight. The aircraft returned to Kirtland AFB at 1910Z. 
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Figure 16. Clouds at 29, 000 ft at 1800Z on 4 April 1978 
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Figure 17. Clouds at 1828Z on 4 April 1978 Figure 18. Clouds at 1837Z on 4 April 1978 
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Clouds at 1743Z 
on 5 April 197 
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Clouds at 1752Z 
on 5 April 1978 
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4. BISCUSSION OF DATA 
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Figure 21 shows profiles of height, temperature, ice water content, medium 


Re Regen 


volume diameter, and density of particles during the 4 April flight. The first hour 


: ‘ of this flight is further discussed in the next section on sub-visible cirrus. Three E 
i instances of increased particle counts, starting at 1822, 1836, and 1856Z respective - i 
: ly were selected for closer study. Observations taken during the 5-min periods ; 
S starting at each of these times will be examined in more detail. Also, data from j 
c a 5-min period starting at 1836Z on 5 April are discussed. : 
; (a) At 1822Z on 4 April the aircraft entered a thin band of translucent cirrus E 
: clouds. Figure 22 shows the particle concentration observed during the time from : 
, 1822Z to 1827Z while the aircraft was in this band. Particles were observed in all 

; channels of the cloud probe and also in the first two channels of the precip probe. 

3 Most of the particles were bullet rosettes. The vertical bars in the 2-D examples 

{ are 800 fim in length. The nature of the cirrus was reflected both by the lack of 


oe large particles and the relatively low concentration of medium sized particles. 
The largest particles detected by the 1-D instruments were slightly less than 

: 700 um in diameter. Figure 23 is a photograph of the cirrus clouds which pro- 
i vided these data. 
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(b) The cirrus observed at 1836Z was more uniform and stratified. Figure 24 
shows the clouds examined during the period from 1836Z to 1841Z. They were 
still tenuous; with small snow mixed with bullet rosettes. The Mission Director 
estimated the visibility to be 50 miles. The largest particles (see Figure 25) were 
still about 700 um in size, but generally fewer particles were observed than during 
the 1822Z to 1827Z period. Asa result, the ice water content decreased by a 
factor of three. The medium volume diameters, however, were larger, because 
while the number of small particles (< 200 um) decreased by a factor of eight, the 
number of particles in the 200 to 700 4m range decreased by a factor of two. Note 
the increase in size of the particles shown in the 2-D examples. 
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{c) At 1856Z the aircraft was in a uniform band of cirrostratus which partially 
obscured the horizon. As Figure 26 shows, the medium volume diameter for the 
cloud probe during the 5-min period from 1856Z to 1901Z was higher than in the 
previous cases examined above. Also, there was a greater variety of particle 
types seen on the 2-D display at this time. The increase in the medium volume 
diameter is reflected in the larger particles in the 2-b example. The largest 

: particles, however, remained in the 700 jzm range and the particle distribution 
curve changed only slightly. This band of cirrostratus was more closely associated 
with the approaching cold front, which explains the increased variety of particle 
types observed. The occurance of small snow, bullet rosettes, and columns is 
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attributed to mixing of particles from different growth regions by the vertical 
motions associated with the frontal dynamics. 

(d) The flight of 5 April yielded only a small amount of data on visible clouds, 
but a 5-min period beginning at 1836Z did involve passage through some thin 


Very few shadowgraphs of larger particles were recorded by the 


visible cirrus. 
This 


2-D probes. Most 2-D particles were less than one diode (20 um) wide. 


may be due to the high true air apeed (about 280 knots/ 140 meters per second) 
The 1-D system recorded 


There were data recorded in the 
The particle size 


which reduced the reliability of the 2-D system. 
activity in the cloud and scatter probe ranges. 
first four channels (400 to 1400 ym) of the precip probe. 


distribution for this time period is shown in Figure 27. 
According to the Mission Director's comments (see Appendix A) most of the 


cirrus was above the aircraft. Braham and Spyers -Duran’ calculates that cirrus 


particles may fall 20,000 ft (6 km) through clear air, so the cirrus sampled may 
have consisted mostly of particles which fell from denser cirrus above. As the 
satellite photographs (Figures 5 and 6) indicate, the cirrus in New Mexico was not 
directly associated with the front but rather with the post frontal short wave trough 
seen on Figures 8 and 9 (at 500 mb) and Figures 10 and 11 (at 300 mb). The cirrus 
was thinner and generally more tenuous than the prefrontal cirrus sampled the 


previous day. 


7. Braham, R.R.; and Spyers-Duran, P. (1967) Survival cf cirrus crystals in 


clear air, J. Appl. Meteor. 6:1053-1061. 
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Figure 21. Altitude, Temperature, Ice Water Content, 
Flight of 4 April 1978 
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; COMMENTS: 
: In thin translucent cirrus. Most observed particles were bullet rosettes. Largest 
particles were less than 700 microns in diameter. 
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Figure 22, Particle Size Distribution 1822Z to 1827Z 4 April 1978 
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Figure 23. Cirrus Clouds During the First 
Sampling Period on 4 April 


Figure 24. Cirrus Clouds During the Second 
Sampling Period on 4 April 
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In thin ‘cirrostratus. As in figure 22, there are few large particles. The number 
of small particles has decreased, thus increasing the medium volume diarerer of the 
cloud probe. Shapes were primarily bullet rosette and small snow. 


SAA RMU ETT NUS IEA AT 


hs 
z 


Vora 


Jen? = mm) 
3, ° 


us 


ole SH He KORACI, HRN DTU aE 
° 


PARTICLE CONCENTRATION(N 
ro) 


ty ry 
"6 600 1200 1800 2400 
PARTICLE SIZE (sm) 


Figure 25. Particle Size Distribution 1836Z to 1841Z 4 April 1978 
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i COMMENTS - 
: In teoderate cirrostratus. Size distribution is similar to figures 22 and 25, but 


the number of particles and the mean volume diameter of those particles recorded 
by the cloud probe have increased. Shapes include bullet rosettes, smuail snow, 


and columns. 
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Figure 26. Particle Size Distribution 1856Z to 1901Z 4 April 1978 
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Figure 27. Particle Size Distribution 1836Z to 1841Z 5 April 1978 
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5. SUB-VISIBLE CIRRUS 


While most of the particles observed on these flights occured while the air- 
craft was in visible cirrus or cirrostratus clouds, some particles were detected 
in clear air. barnes? has reported that several instances of this phenomena have 
occurred during other flights made by the MC-130E and another cloud physics 
aircraft. Particles 100 to 300 4m in diameter were recorded on these flights with 
a few particles in excess of 1 mm being detected in otherwise clear air. These 
particles may be considered to be components of cirrus clouds which are too 
tenuous to be seen by the human eye; hence, the name sub-visible cirrus. 

Ohtake, Jayaweera, and Sakurai? discuss the formation and observations of 
ice crystals in clear air at the surface in the polar regions. These particles were 
noted at similar temperatures, were of similar size and are commonly referred 
to as "diamond dust." 

In addition to the large sub-visible cirrus particles observed when flying above 
20,000 ft (6 km), there is generally a constant background distribution of small 
particles detected in the lower two channels (2 to 4 4m diameter) of the scatter 
probe (ASSP). This background has been observed on all but a very few cirrus 
flights made by the MC-130E for this and other projects. 

At lower altitudes and at above freezing temperatures, both Varley 
Cohen?? observed particles in clear air at altitudes between 100 and 1000 ft over 
the ocean which ranged in size from 2 to 30 um and were recorded by the scatter 
(ASSP) probe on the MC-130E. 

While Figure 21 shows the particle density and ice water content the aircraft 
found while in visible cirrus, the scale is not detailed enough to show the values 
obtained from the sub-visible cirrus and the ASSP background. Figures 28 and 29 
show the ice water content recorded by the cloud and scatter probes for size ranges 
which includes these particles. As can be seen from Figures 28 and 29, the liquid 
water content due to these small backgrcund particles increased with altitude on 
both of the flights described in this repor?. Limitations of the ASSP for the 


40 and 


measurements of ice crystals have been covered by Varley and Barnes. 


8, Barnes, , A.A. (1980) Ice particles in clear air, Communications & la Villeme 


Conference snbernetione’s sur la Physique as ¢ Huages. Vol I, Clermont- 


errand, France, July » EP uv. 
9. Ohtake, T., Jaweera, K.O.L.F., and Sakura’, K. (1978) Formation mechanism 


of ice crystals in cloudless atmosphere. P seedings of Conference on 
Cloud Physics and Atmospheric Sheela ssawuah, Washington, 


July - ugust » pp 122- ; 
10. Varley, D.J. (1979) A Marine Boundary Layer Flight in Clear Air, 
ERP No. 652, AFGL-TR-79-0013, AD A069723. 
11, Cohen, I.D. (1979) Marine Boundary Layer Sampling Flight, Number 2, 
ERP No. 678, AFGL-TR-79-242, ADA 
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Portions of the flight during which the aircraft was in visible clouds are indi- 


cated by the "cloud condition" lines on Figures 28 and 29. These are subjectively 
determined densities of clouds the aircraft was in as determined from the Mission 
Director's comments (see Appendix A) and from the film taken by a 16mm time- 
lapse camera mounted in the cockpit of the MC-130E. Segments marked by partial 
shading indicate times during which the airplane was in "thin cloud," During these 
times visibility was not obstructed, but filaments of cloud could easily be seen 
passing close to the airplane. Segments marked by solid shading indicate times 
during which the aircraft was in clouds dense enough to partially or completely 
obstruct the horizontal visibility. 

Even though there was a good correlation between the 1-D and the 2-D data 
there was not a one-to-one correspondence between the subjective assessment of 
whether the airplane was in or out of cloud and the PMS particle readings. The 
subjective assessment introduces the concept of target acquision against a similar 
background, A pertinent example is that of sub-visibl cirrus in the tropics. 

High, thin cirrus was usually seen at sunrise and sunset at Kwajalein (8°N), but 
often not seen from the ground at noon time. Flights by a Learjet to 45,000 [t 

(13 km) during the middle of the day usually observed thin, wispy cirrus above the 
aircraft against the dark sky found at these high altitudes. Even though the thin 
cirrus was there, it could not be observed from the ground because of the sun light 
scattered by molecules and aerosols in the lower atmosphere. 

Although the ASSP background appears similar on both flights, the presence 
of sudden increases in ice water content on both the scatter and cloud probes is 
much more evident on the 4 April flight (Figure 28). While this was most frequent 
while the plane appeared to be in cloud, it did occur while the airplane was not in 
visible cloud. As an example, at 1747Z on 4 April the airplane was in clear air, 
but, during a 30-sec period, eight particles ranging in size from 22 to71 um were 
recorded by the 1-D cloud probe. These data are not included in the appendices, 
but are noticeable in Figure 28, As Figure 28 shows, there were many particles 
recorded by the cloud probe between 1740Z and 1750Z, even though the airplane 
was in clear air at the time according to the Mission Director's notes and a review 
of the 16mm film. 

The synoptic situation on 4 April was more dynamic, since a front was moving 
into the area, and there was more visible cirrus. This probably contributed to the 
presence of more sub-visible cirrus. Sub-visible cirrus also existed on 5 April 
behind the front, but it was less frequent. Typical sub-visible particle counts 
obtained in the lower two channels of the 1-D precip probe gave a number density 
of 0.5 to 1.0 m7? which is simiiar to that obtained by Barnes? in February 1980 
using a modified 2-D precip probe, 
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On 5 April, some larger particles were sensed by the precip probe between 


1842Z and 1844Z. These ranged from 400 to 2000 ym in diameter. They were 


initially believed to be false indications, since particles of this size should have 


been observed by the crew. The Mission Director and technicians commented on 


the behavior of the 1-D precip probe 2 to 3 min after the particles were detected 
and, at that time, they felt that these particle counts recorded by the precip probe 
This was near the end of the flight when the aircraft was returning to 


were false. 
The comments on the voice tape indi- 


Albuquerque after finding very few clouds. 
cated that the Mission Director had been occupicd with other duties during the time 


the particles were detected. In addition, the Mission Director had not been asked 


to look for sub-visible cirrus. 
precip probe from 1842Z to 1844Z appears to be exponential (Figure 30). 


along with the absence of cloud probe data (partially attributed to a smaller sampling 
volume) plus the lack of an increase in the “ASSP background strongly suggests that 
these were particles which had fallen out of thin, higher level cirrus clouds the 
smaller particles having been left behind or evaporated. 


The particle size distribution recorded by the 
This 
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Figure 30. Particle Size Distribution 18422 to 
1844Z 4 Aprii 1978 


Inspection of the 2-D data confirmed the 1-D data when in cloud, but since the 
2-D probes had not been modified at that time there were not enough 2-D data 
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obtained in sub-visible cirrus to fill the data buffers so that the data could be 
dumped onto tape for recording. 


6. CONCLUDING REMARKS 


The flights of 4 and 5 April 1978 have provided new data in thin ice-particle 
clouds. All four data periods examined involved thin cirrus at temperatures of 


12 and Grunow!? noted 


-40°C and altitudes in excess of 30,000 feet. Weickmann 
that temperature affects the size and shape of crystals. Unfortunately, the MC-130E 
could not safely fly higher to more fully investigate the thin cirrus in the area. 

Only one of the previously cited reports (Varley?) deals with cirrus that are as high 
at as cold a temperature as these. The work of most other investigators (for 
example, Heymsfield and Knollenberg!*) also generally deals with cirrus at lower 
altitudes and warmer temperatures. When sampling in visible clouds, the PMS 1-D 
instruments did, however, show a fairly large number of particles in the cloud 
probe range (26 to 311 um), although very few were found in the precip probe range 
(437 to 4676 um). Many particles were recorded while the airplane was not in 
visible cirrus. Thus there was sub-visible cirrus surrounding the visible clouds. 

The sub-visible cirrus was sometimes formed by particles precipitating from 
higher cirrus. There were, however, instances of particles being formed in clear 
air with no visible cloud present. 

There is no clear-cut boundary between visible and sub-visible cirrus. Rather, 
there is a continuity ranging from visible cirrus through tenuous cirrus to sub- 
visible cirrus. 

The approach of the front led to a larger variety of particle types, but did not 
seem to have much effect on the ice water content or maximum particle size. These 
seemed to be constant within the mass of cirriform clouds which preceeded the front. 

The Mission Director, Capt Douglas Brooks, provided numerous photographs 
and comments on the 4 and 5 April 1978 flights. Some of the former are included in 
the body of this report while excerpts from the comments are found in Appendix A. 

Appendix B contains the particle distributions for each of the four 5-min periods 
examined during this report. 

Appendix C contains the particle distributions for 30-sec averages of selected 
periods during the flights of 4 April. 


12, Weickmann, H.K. (1957) The snow crystals as an aerological sonde, Artificial 
Stimulation of Rain, Permagon Press, pp 315-325. 


13. Grunow, J. (1960) Snow crystal analysis as a method of indirect aerology, 
Physics of Precipitation, Am. Geophys. Union, pp 130-141. 


14. Heymsfield, A.J., and Knoilenberg, R.G. (1972) Properties of cirrus 
generating clouds, J. Atmos. Sci. Beene 1366. 
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Appendix D contains particle distributions for 30-sec averages of selected 
periods during the flight of 5 April. Some portions of both flights in which no data 
were recorded in either the cloud or precip probes have been omitted. 

The particle distributions in Appendices C and D include data taken both while 
the airplane was in visible cirrus and while the airplane was not in visible cirrus. 
In addition, particle distributions from the intermediate level shown in Figures 28 
and 29 are included. This level (about 6 km) represents the lower boundary cf the 
region in which visible and sub-visible cirrus were present. : 

A list of abbreviations used in this report is presented in Appendix E. 
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Appendix A 


Transcript of Mission Director’s Comments From 
the Flights of 4 and 5 April 1978 


Following are selected comments made by Captain Douglas Brooks, the 
Mission Director on the flights of 4 and 5 April 1978. Abbreviations used are 
listed in Appendix E. 


4 April 1978 Mission Director Comments 


17:58:27 In slight right turn—should be entering lower Ci shortly. 
:34 Thin, striated Ci. 
:48 Starting to get significant updates. 
18:00:06 Just at bases. Entering another patch. At 36° 54'N, 107° 23'W. 
Hdg: 222°. 29,600 ft. 
01:25 Passing oui of one finger of cloud. 
7:39 =Below it. Notthing on ASSP. 
Main bulk above—still very thin, a portion comes to the aircraft's 
flight level. 
Entering area of very thin Ci below main bulk. 
Hdg 104°, IAS 153 kts, OAT -28.5°C, TAS 246 kts. 
In cloud. Very near bases of bulk. In and around bottoms. 
Sun visible, contrails above. 
In and out of undulating bases. No halo or other optical phenomena. 
Ground clearly visible. So are contrails and more Ci ahove. 
In and out of bases. Below bases of main cloud. In an autonomous 
layer below the main thin layer which covers the entire area. 
In and out of very thin cloud. 
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i 2 
ES = 
a 
E: 18:10:32 Cloud is definitely Ci. Remnants of contrails. Just in bases 
ES at 29,900 ft. Nothing on snowstick. 
E 11:11 2-D max size 800 to 1000 microns. Irregular ice. Bullet rosettes, 7 
4 :47 Back in again. Very light. Just in bases of main layer. 
an Sun above. No halo. 
12:21 Density varies, out still thin Ci. Aircraft 2000 ft above Ci, 
a clearly visible, 4000 ft. 
13:57 Ci undulates. Main bulk still above. 
14:35 Very small stuff, Dots on 2-D. 
# 15:17 Stuff is moving in from the west. 
= 16:01 Ci is moving in this direction. 
2:44 Multi-layered cloud is below overcast layer. Right at 29,000 ft, 36° 3 
43'N, 107° 18'W. OAT -32°C, IAS 151 kts. a 
fa 18:39 Above Cs, below striated Ci. ES 
a :51 In very thinCi. Near bases. Can't be over 1000 ft thick. 2 
a 22:30 Getting slightly more dense. Bases clearly visible below. ES 


No optical phenomena. 
23:11 Still recording particles. 
737 Some clearly bullet rosettes, others rounded. Activity in droplet 


os 
zz 


probe, 
26:10 In very uniform Ci. Very thin cloud. 
27:01 More like uniform Cs. Particles very small. 
28:11 Tops visible. More Ci above. Clearly defined halo. Associated with 


a 
iad 


a sun above. 3 
3 30:50 Climbing toward upper layer of Ci. 2 
31:31 Uniform Ci above—extends at least to Albuquerque, 2 
i 32:49 36° 42'N, 107° 27'W. Turning west, Hdg 280°, Alt 30, 600 ft. a 


ih 


ne 
abd 
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33:21 Leading edge of Cs is 10nm W. More Ci above. Climbing will put 
us near tops of clouds. 

34:24 Layer goes from 28, 900 ft to 31,000 ft. 

35:59 Entering particles from leading edge of cloud. Cs more uniform than 


ue 


i 


the Ci above. 


ees RIE 


18:36:33 2-D cloud probe updating. Particles are bullet rosettes. . 2 
i 209 In layer of Cs. It goes for another 4 to 5,000 ft. F 
: 37:16 Hdg 320°. In middle of layer. Bases clearly visible. Ci above. = 


dfn 


Visibility 50 to 60 miles. At 30,800', 248 kts, OAT -34.5°C 
IAS 152 kts, 36° 54'N, 107° 45'W. 

38:39 Bases of Cs are uniform, Ci above less uniform. 

39:30 In area of very thin Cs, Ci 500 ft above. Layers appear to merge. 
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18:40:17 


42:24 
42:43 


44:34 
45:33 
46:17 
47:19 
48:02 


48:52 
50:22 
51:15 


51:49 
750 
53:15 


56:04 
219 


57:13 


246 
58:05 
59:40 

251 

19:01:50 
02:30 


03:44 
04:20 
05:29 
06:39 
08:56 


Little change now. Couple of hundred ft below tops, approaching 
more dense Us and Ci. 

To the west clouds get lower and more dense. 

37° O5'N, 108° 10'W. Passed into Cs. Can see below, also Ci layer 
above, 

Snow stick—100 to 200 micron particles. 

Almost continually in layer of Cs. Uniform, above are more striated Ci. 

Hdg 030°. At 37° 16'N, 106° 13'W, OAT = -33.5°C, nice halo. 

22 degree halo, light at edges. Definitely in Cs. 

In very thin cloud. Beautiful halo. Ground and sky visible. 
Alt 30, 885 ft. 

Hdg 140°. At 37° 22', 107° 55', 31,100 ft. At top of Cs layer. 

Particles are very small. At boundary between the two layers. 

Intensity is very light. Only an occasional update. Halo is lost. 
No longer in Cs. Ci above does not produce a halo. 

Weak halo, much less noticeable than one with Cs. 

Nice bullet rosettes and columns on 2-D display. 

Particles come from Ci above. Generated at this level. At level 
of contrail. Suddenly halo is much more intense. Associated with 
cloud above. 37° 10'N, 107° 43'W, 30,900 ft, OAT = -34.5°C. 

Altitude 30,900 ft. Passing into Cs. Heading 160° in thin Cs. 

Altitude 30,950 ft, Heading 210°. Horizon distantly visible. 
Uniform cloud. Break between it and Ci layer above. 

Particles are beautiful, look like columns or side planes, bullet 
rosettes and columns. Bears study. 

Very nice elongated columns on 2-D display. 

In cloud—very thin. 

LWC:02 g m7>, 

Still solidly in Cs. 

Can see horizon at least 100 miles away. 

36° 46'N, 107° 29'W. Cloud less dense. Still in Cs but it is extremely 
thin. Ci clearly visible above. 

Still very thin. Little change. 

Extremely thin Cs. 

36? 35'N, 107° 24'W, 31,309 ft, 256 kts, OAT = -34.5°C. 

Nothing falling from Cs layer above. Clear sky. 

End of Ci. Below the bases. 
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17:12:15 
30:00 
49:11 
52:50 
53:31 

18:15:00 
19:43 
21:40 
22:55 
25:41 
30:10 

225 
37:09 
232 
38:08 
39:00 
246 
40:06 
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5 April 1978 Mission Director Comments 


Takeoff from Kirtland AFB. 
Winslow reporting Ci at 30, 000 ft. 
Contrail to the left. 

Ci is definitely striated. 

Portions of Ci are very thin. 


Climbing toward Ci. 
35° 30'N, 109° 15'W. Abo 2. n Ci unable to reach main Ci. 


Two layers, complete Cs above, some below, right on the nose. 
This level might get some of the more dense Ci. 

We appear to be approaching a patch. 

Ci above, but none at our level. 

Return to base at this level. 

Very tiny particles on 2-D cloud probe. 

Getting very thir Ci, possibly ice crystals from Ci above. 
Extremely thin, above us. 

Just below Ci, To the right, it may come to our level, 


I think we're in it. 


Passed through an area just at flight level. An aircraft above us is 


at least 1000 ft below Ci. 


Did encounter small ice crystals. At the time the main bulk of clouds 


was 1000 ft above us. 
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A Particle Distribution in tenuous cirrus at 1822-272 on 4 April 78 
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a . B. Particle Distribution in weak cirrus at 1836-412 on 4 April 78 i 
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C. Particle Distribution in uniform cirrostratus at 1856-1901Z on 4 April 78 
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D. Particle Distribution in thin cirrus at 1836-41Z on 5 April 78 
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Appendix C 


Selected 30-sec Average Particle Distributions 
From the Flight of 4 April 1978 


Thirty-sec averages are provided for the portion of the 4 April 1978 flight in 
which the probes registered the most activity. Other portions of the flight have 


been deleted to conserve space. 
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Air Force Base 

Air Force Geophysics Laboratory 

Air Force Weapons Laboratory 

Altitude (above mean sea level unless otherwise specified) 
Airborne Radiation Technology 

Axial Scattering Spectrometer Probe 

Cloud cover 5/8 to 7/8 (broken) 

Cloud (or dropiet) probe 

Temperature in Degrees Celsius (C on computer listings) 
Cirrus 

Cirrostratus 

Frostpoint 

Geostationary Operational Environmental Satellite 

Grams per cubic meter 

Aircraft heading 

Indicated air speed 

Ice water conteat 

Liquid water content 

Millibar (MB on computer listings) 


Micron (= 107° meter) [MU on co:nputer listings] 
Mean sea level 
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Outside air temperature 

One-dimensional Particle Measuring System 

Cloud cover 8/8 (overcast) 

Precipitation Probe 

Cloud cover 1/8 to 3/8 (scattered) 

‘lemperature 

True air speed 

T..o-dimensional Particle Measuring System 
Universal (or Greenwich) mean time 

{Calculated radar reflectivity on computer listings] 


